At Ohio Northern University (ONU), Materials Science is a required course for freshmen in Mechanical Engineering and an elective for other engineering majors. The course is the first engineering course for most engineering students in the college and therefore it is challenging to explain some concepts and discuss the application of course materials in their future study and career. It is well known that project based learning activities motivates the students to learn new concepts faster. To help students engage in the class, a comprehensive term-long project was developed, which combines material testing, simple design for engineering applications, material selection for the design, and testing of the failure of the designed structure. In this project, students were required to select materials for the major components of an aircraft used for SAE Aero Design Competition. Students selected materials with certain dimensions for five major components of the airframe, including rib, body spar, engine mount, payload box, and wing spar. Each component has different loading conditions and design requirements. The project includes three steps: 1) Material selection was based on mechanics calculation of the material properties from online database to satisfy design constraints. Then design criteria were used to decide the best option using decision matrix. 2) Testing of the mechanical properties of selected materials. The material selections were verified and modified based on the test results. 3) Bending test of the selected component and presentation of the project. A formal final project report was optional for students to earn extra points. From this project-based learning experience, students not only learned the theory, but also gained hands-on experiences. This project changed the passive learning style of the material tests and calculation to active learning style. Students had more questions than just following instructions, as they had to think about how to do the experiments and solve the problem primarily by themselves. While the project was group work with a group of three students, all students contributed to the work based on their own strength. Within each group, leadership roles were rotated among group members for different task. A few assessments were implemented including memos on labs and material selection calculations, formal final project report, presentation, teamwork evaluations, and a survey. Student feedback indicates that overall students enjoyed the experience and believed it should be continued in the future.
Introduction
This paper discusses a comprehensive term project for Materials Science course, which is a required course for freshmen in Mechanical Engineering and an elective for other engineering majors at ONU. The Ohio Northern University is a teaching-focused private university. The college of engineering at ONU, with a student population of around 500 undergraduate students, offers bachelor degrees in five accredited programs: civil, mechanical, electrical and computer engineering, as well as computer science. This course is offered in both fall and spring semesters serving a total of roughly 100 students with about 70 mechanical engineering freshmen. Materials Science course offered in the engineering college aims to introduce fundamental physical and microstructural characteristics of materials and discusses how these relate to their mechanical properties. A major purpose of this course is to help the engineering students learn how to select materials in the engineering design. Offering this course to mechanical engineering freshmen is challenging because freshmen, especially in their first semester, lack engineering background and it is difficult for them to understand the application of the course knowledge. While the students come from different high schools in different areas, the background of students is also very different. It would be ideal to offer this course in the junior year when the students already learned mechanics and design. However, due to the difficulty of the curriculum scheduling of mechanical engineering at ONU, this course has to be offered in the first year. A comprehensive term-long project was therefore developed, which combines material testing, simple design knowledge for engineering applications, and material selection for the design.
Project based learning (PBL) as an instructional tool has been widely used in the engineering curriculum. 1, 2, 3 In this methodology, a question or problem is used to drive the students learning activities to produce a product that can be used in real world. The PBL is used to prepare students with skills such as leadership, team building, ethical behavior, creativity, critical thinking, problem solving, and entrepreneurial skills. 4 PBL has been implemented as part of the curriculum 5 or as a replacement of traditional classroom. 6 There has been study where it has been applied in multiple universities simultaneously where students from different degrees were given PBL based materials science course. 7 For the specific field of materials sciences, PBL has been implemented mostly for sophomores, juniors but rarely in a freshman classroom. In an increasingly complex modern world, engineers are regularly challenged both technically as well as socially to solve multifaceted problems. Material science course is a highly interdisciplinary course, which is related to design, mechanics analysis, testing, etc. PBL can help students engage in the class and understand the course content.
For the term project in this paper, an aircraft for the SAE Aero Design Competition was used as a hook to attract students' attention. Students were required to select materials with certain dimensions for five major components of the airframe, including rib, body spar, engine mount, payload box, and wing spar. Each component has different loading conditions and design requirements which were described in each assignment. The project includes totally three assignments: 1) Material selection based on mechanics calculation of the material properties from online database to satisfy design constraints. Then design criteria were used to decide the best option using decision matrix. 2) Testing of the mechanical properties of selected materials. The material selections were verified and modified based on the test results. 3) Bending test of the selected component and presentation of the project. A formal final project report was optional for students to earn extra points. From this project-based learning experience, students not only learned the theory, but also gained hands-on experiences. While this project can be used in the course for the first year engineering students, it can be also used for higher-level engineering students enrolled in this course.
Project Plan
The Materials Science course is offered during a 16-week semester. The project includes three assignments. Students in the class were aware of the project from the first day of class when discussing the syllabus. The project was also mentioned during the lectures on the mechanical properties of engineering materials starting from the fourth week of the semester. The first assignments started right after the lectures of mechanical properties and a tension experiment, which was a regularly scheduled lab. At this point, students already knew some concepts of material properties and how to do the tension test. The last (third) assignment was due the last week before finals week. The students in class were given two weeks, three weeks, and three weeks for the first, second, and the third assignment, respectively. The three assignments are attached as appendices in this paper. Students worked on the project in groups of three, and each student took a leading role in turn for the three assignments. The instructor appointed the leader for each assignment for a group. The estimated contributions of group members and the amount of work performed by each group member along with meeting information were logged for each work.
1) Assignment 1
The SAE Aero Design Competition was used as the hook for this project. The competition is to "design, manufacture, and successfully fly a remote controlled aircraft capable of carrying a large payload, while adhering to the SAE Aero Design competition requirements". 8 While there are many requirements, the requirements that are most relevant to material selection are the weight of the aircraft is less than 55 pounds with payload and "all aircraft components must remain attached from takeoff to landing". 8 These requirements were then used as the selection criteria for weight and strength of the materials. The airframe made by the 2015 SAE Aero Design Competition team at ONU is shown in Figure 1 . The ribs and spars were made of balsa wood and the engine mount and payload box were made of plywood. The students in the class were asked to verify the selection of the old design and also evaluate the possibility to use new materials for the components of airframe in the 2017 competition. That is, the goal for this project is to help SAE Aero Design Competition team at ONU to make a decision on the material selection for the airframe components for the next year. The five major components of the airframe are rib, body spar, engine mount, payload box, and wing spar. There were totally ten groups in the class. Every two groups were assigned to work on the material selection for one component. The dimensions and loads for components were given based on the approximate real loading condition and the design of the airframe. The material selection constraint and criteria were also given based on the airframe design. The constraint for the material selection is that the maximum stress must be less than or equal to the failure strength divided by the safety factor. The criteria are cost, weight, and strength. The weighting factor for each criterion used for the material selection depends on the design. For example, because there is relatively low loading applied on the rib and there are many ribs in the airframe, the weighting factor is 80% for the component weight and 10% for the material strength as the weight of the rib is a key factor to achieve lightweight of the aircraft. The wing spar, which supports the entire wing, should be more critical on the strength of the material than the weight and therefore has a weighting factor of 60% for strength. The students would understand that the material selection would be different for each component from the various design requirements.
Totally seven candidate materials, including balsa wood and plywood, with two thicknesses for each material, were provided as candidate materials. For Assignment 1, students first selected three candidate materials from the candidate material pool and did the calculation to ensure these materials to satisfy the constraint. All the material properties were obtained by searching online material property database. Then used a decision matrix to make the final selection based on the criteria and the weighting factors. The first assignment was a typewritten group memo on the material selection according to the design considerations. Students were supposed to state the task and their three selections of the materials and how they made their decision. Teamwork was required to be recorded.
2) Assignment 2
In the previous assignment, Assignment 1, the calculation and material selection were based on the information obtained from database of some material property websites such as matweb.com. 9 However, the material properties are statistical in nature. That is, the material properties can be affected by many factors, especially for balsa wood and plywood. So there are two parts for this assignment. In the first part of Assignment 2, the students were required to perform a self-designed experiment to measure the material properties including strength and density. At this point, the students had already performed a tension test in the regular lab, in which students simply followed the instructions provided by a lab instructor. For this part of the project, the students complete the test on their own, including procedure design, test setup, data collection, and result analysis. Then they discussed how their results were compared with the data from other websites. An experiment memo summarizing the results was required. Each group was assigned one task as shown in Assignment 2 in the Appendices. The results from each group were then compiled by the instructor and provided to the students for the second part of the project assignment. For the second part of Assignment 2, student group revised and resubmitted the material selection memo from Assignment 1 using the properties obtained from the student experiments and also based on the feedback from the instructor on their first memo.
3) Assignment 3
There are required and optional parts for this assignment. The required part is a PowerPoint presentation from each group to present their results in the class at the end of the semester. Grading of this assignment was based on presentation skills and the content. The optional part is for the students to make extra points. It is an ambitious plan to ask first semester freshmen to write a formal project report and do a test that they have never done before. For this last part of the project, only those students who feel confident and interested to earn extra points would do this part. A bending test was asked to be performed in the material lab to find the failure load of the component, and then to compare the test result with the calculation result of failure. A formal report template was offered in detail including abstract, introduction, mechanics analysis, material selection, experiment result and discussion, conclusion, acknowledgments, and references as well as the format of figures, tables, and equations. This would offer the students a chance to learn and practice technical writing of a formal technical report.
Student Work Reflection
Teaching Material Science to engineering freshmen is challenging due to the limited engineering background of the students. This application driven PBL combines the material selection with the material tests and incorporates simple design ideas. Students not only learned the theory, but also gained hands-on experiences. Overall, the process of the project was carried out in the class successfully.
For Assignment 1, the students learned to search material properties from various resources. Then they did a mechanics calculation and a decision matrix using Excel spreadsheet. Finally, they summarized the result in a memo. It seems that the students had no problem obtaining the information they needed from online resources. It was a little surprising that 3 out of the 10 groups did wrong on the maximum stress calculation. The calculation was just to plug in numbers in the mechanics equation. It seems that students were good at online searching and excel calculation, but not hand calculation. None of the groups did well on the format of tables, figures, and equations. This is understandable due to the limited technical writing training for the students. All the mistakes were marked on the students' work and returned to the students. They were aware that their next assignment of the project would refer to the feedback from this work.
For Assignment 2, the strength and density of the candidate materials were measured by the students and compared with the data obtained from data on websites. The test samples were made by the students with the assistance of the machinist in the machine shop in the engineering college. The results are reasonable and they analyzed what might cause the difference between their results and the published ones. Through this self-designed lab, the student learned to apply the experiment skills to obtain material properties by themselves. They also realized the statistical nature of the material properties. The students then revised their first material selection memo based on the test results and the feedback from their first memo. The writing of the second memo was greatly improved by eliminating the format errors such as missing figure caption and table titles and with better organization and writing. They also fixed the calculation errors and made the final selections on the material for the component. Therefore, the students selected and tested materials for the airframe of the aircraft for the 2017 SAE Aero Design Competition for the ONU.
For Assignment 3, all the groups presented in class the whole process and results of the project. The presentation lasted about five to ten minutes for each group. The students were required to discuss background, objective, theory of calculation, constraint and criteria, initial and revised analysis and material selections, 3-point bending test results and calculation results (optional), conclusion, and future work. The grading rubrics of the presentation were discussed in class before the presentation to teach presentation skills. Most groups did well on the presentation by following the detailed instruction in Assignment 3 (as attached in Appendices).
For the optional bonus part of Assignment 3, 8 out of the 10 groups did this part including the 3-point bending test and a formal report. The bending tests went smoothly for all the groups. The bending test allowed the students to observe how the material behavior under bending which is similar to the real application. Some groups started to critique about their selection after observing how material samples behaved under bending. For example, one group chose polycarbonate for the wing spar component. While the sample had a large deformation under bending, they started to question if it was reasonable to choose the material ignoring stiffness and deformation. Before the material reach the ultimate strength, large deformation would already affect the integrity of the whole structure. This critique is valuable for the students to validate their own selections. Students were also encouraged to review and criticize the material selection criteria given by the instructor in the project.
For the report, as aforementioned, it is challenging to ask freshmen to write a formal report and therefore this part is a bonus part. A 1-6 scale was used as grading rubric to evaluate the sentence structure, organization, figures, tables, format, and reference etc. As the training of technical writing is limited, only one group got 5 out of 6 and other group got 2-4. It was not uncommon to see missing table titles, figure captions, using "the first person" instead of "the third person" in their report, etc. However, it is still a valuable experience for the students to have a technical writing training at the early stage.
Assessment and Discussion
An anonymous survey of the outcomes of the comprehensive term project for Materials Science course was conducted by the instructor. 27 out 30 students enrolled in the course submitted their responses. The level of agreement was rated for 7 outcomes, including 3 on material science knowledge skills and 4 on the communication skills. Students were asked to rate each outcome on a scale of 1 (strongly disagree) to 5 (strongly agree). 2 questions were also asked regarding the continuation of this project and suggestions on improvement. Table 1 presents the data of the ratings given by the students for outcomes on the material science knowledge skills. The outcomes on the survey are shown in the first row. For the outcome about the project being a motivator for learning material properties, 7.4% strongly agreed, 55.6% agreed, while 7.4 % disagreed. For outcome about improving ability for the material selection for specific application, 37% strongly agreed, 48.1% agreed, and 3.7% disagreed. It should be noted herein that "select the proper material for a specific application" is also a course outcome for the Material Science course. The rating of the course outcome changes from 3.96/5.00 from last year to 4.25/5.00 from this year based on course outcome evaluation from students in the class. That is, the project improves the rating on course outcome on this aspect. When the students were asked about how the term project has helped them to be aware about current technical trends, 62.9% agreed while 11.1% disagreed. Based on the feedback from the students, the project motivated them to learn the material property and applications. More generally, it helps them prepare for their future curriculum. The material testing gave them training necessary to be successful in other similar group projects in senior years. For example, one student commented "will probably do something like this in the future". Table 2 presents the data of the ratings given by the students for communication skills. The outcomes on the survey are shown in the first row. When students were asked if the term project improved their technical skills, 29.6% strongly agreed, 29.6 agreed while 3.7% disagreed. Technical writing is very challenging for engineering freshmen and engineering students seemed to not like writing anyway. The revised memo in the second assignment was greatly improved compared with the first memo. But technical writing is still some area that the students did not feel confident in. On a question regarding improving presentation skills 22.2% strongly agreed, 22.2% agreed while 48% somewhat agreed and 3.7% disagreed. This relatively low rating on improvement of presentation skills because the students were asked to present their results in the last week of the semester. While the last week is a relatively busy week, the students didn't have enough time to prepare. Moreover, there was not enough time to give students feedback on their presentation skills. This can be improved next time by assigning the project early and allow more time for the presentation preparation. If possible, two presentations can be assigned for the project and students can use the feedback on their first presentation to prepare for their second presentation. Technical writing and presentation are crucial soft skills that undergraduate engineering students are expected to learn. Despite the relatively low rating, the project activities still helped the students improve their writing and presentation skills. One student commented "This project helped me improve my writing and presenting skills dramatically which is helpful for other classes too".
Material Science knowledge skills

Communication skills
On an outcome regarding the term project improving information searching skills, 23.1% strongly agreed, 61.5% agreed, 3.8% said somewhat agreed while 11.5% disagreed. Based on the feedback from the students, the project-based learning activities encouraged them to look for the resources to gather the information they need. For example, one student commented "discovered matweb.com to search for material information". Another wrote "I was unaware of the tools available for finding material properties before doing this project". The information searching skills would be useful for them in other classes and even in their future career.
The table also shows that 38.5% strongly agreed and 38.5% agreed that the term project improves their teamwork skills. While the project was completed by groups of three students, they were required to log teamwork information and take leading roles in turn. This helped them learn to work in teams. Their final grade was also based on their contribution to the team.
Feedback on the continuation of this project
For question regarding the project, "Do you think we should do this lab again next year?" 23 of the 27 students answered "Yes", three students answered "No". One student commented "good freshman level project", other commented "I enjoyed it and learned a lot about experimental processes". It seems that overall the students enjoyed the experience and believed it should be continued in the future.
Suggestions on improvement
The students suggested improving the project on a few aspects including assignment timing, candidate materials, and variation of project tasks between groups. A few typical comments are listed herein as examples:  Project timing: -"give the students the project at the very beginning of the semester instead of 5-6 weeks into the semester" (5 responses)  Variation of project between groups: "more project types, so all presentations are not the same". (4 responses)  Candidate materials: -"having more materials" (3 responses)  Project execution; "perhaps streamline some of the directions and tasks of the overall project. At times, writing the memos and performing the test was tedious". (2 responses)  Material testing: "have it set up so that a group tests all of the materials for each specific project of the airplane, instead of having groups rely on provided/other's data" Based on the above suggestions, some modifications will be made to improve the comprehensive term project: 1) The project will be introduced earlier in the semester (e.g. fourth week). 2) A wider variety of project assignments and more candidate materials will be made available to students to make sure that the students have more options in tasks and materials for testing. 3) Project execution direction will be improved by improving the student instructor interaction/communication. 4) Have the students test all the candidate materials that they are interested to use for their material selection for the aircraft design. 5) Students will be introduced to a writing center and will be asked to get help of this valuable resource for their technical writing.
Conclusion
This paper describes a comprehensive term project conducted in a Materials Science course. In this project, students selected and tested materials for the airframe of aircraft for the SAE Aero Design Competition. The student's results will serve as a reference for the 2017 SAE Aero Design Competition team at ONU to make decisions on their design. The students also did an oral presentation in class and a few write-ups. Based on the students' feedback on the assessment, the authors believe the project was a success. It not only trains the students in material sections, testing, property searching, but also helps students on teamwork skills and communication. This meaningful and enjoyable experience would help the students succeed in their future courses and career development. It should be mentioned that although this project was designed for low-level engineering students in Material Science course, the project could also be used for relatively high-level engineering students in the course by eliminating some specific step-by-step details, which aimed to help freshmen to get started.
Assignment 1 1. Project Background
The goal of the SAE Aero Design Competition is to "design, manufacture, and successfully fly a remote controlled aircraft capable of carrying a large payload", while adhering to the SAE Aero Design Competition requirements including that the weight of the aircraft is no more than 55 pounds with payload and "all aircraft components must remain attached from takeoff to landing". 8 The design philosophy of the 2017 aircraft is to make a lightweight airframe that is easy to construct, while remaining simplistic and fulfilling the competition requirements. It is therefore very important to select the right materials for components of the airframe. The airframe made by the 2015 SAE Aero Design Competition team at the author's ONU is shown in Figure a1 (a1= Figure a in Appendix1) . The ribs and spars are made of balsa wood and the engine mount and payload box are made of plywood. The 2017 SAE team will design the new airframe using the old design as a reference, while looking for a new material to improve the design. That is, they will verify the selection of the old design and also evaluate the possibility to use new material for the components. 
Project Goals
The goal for this project is to help SAE Aero Design Competition team at the authors ONU to make a decision on the material selection for the airframe components. The job of selecting the right material for an engineering component in a design can be overwhelming due to the large variety of commercially available engineering materials. Based on the understanding of the design requirements, first, the students need to identify 3 candidate materials and evaluate the cost, strength, and weight of the structure materials. Then make a decision to select a material for the component design. While the bending moment is the major load for most components of the airframe, students will use a simply supported beam (Figure b1 ) to simulate the loading condition for the component in the airframe. Finally, the students will test the beam to verify their material selection for the component. 
Theoretical Background
The maximum stress in the beam is:
(1) where load F, span length L, and the side length of the cross-section of the beam are different for each type of components which will be given for each lab group in the next section. The failure strength for this design is the yield strength of ductile materials or the fracture strength of brittle materials. The maximum stress σmax should be less than or equal to the failure strength divided by the safety factor (F.S.), i.e.
(2) The safety factor is 2.5 for this design.
Analysis and Material Selection
A systematic approach based on the understanding of the design requirements and the properties of materials should be adopted to make an optimum selection for each type of components. While each group needs to select three materials for each type of components, the first two types of material each group needs to consider are balsa wood and plywood with available thicknesses of 1/8 in and 1/4 in (Table a1) , unless they can't satisfy the constraints. The other materials can be a metal and/or a polymer material from the candidate listed in Table a1 (Where Table a1= table a in appendix1). Design Constraint: For the load condition of each type of component, a relatively small load would apply on the ribs, medium load on body spars, large load on the engine mount and payload box, and extremely large load on the wing spars. The constraint for the material selection is that the maximum stress σmax must be less than or equal to the failure strength divided by the safety factor. The safety factor is 2.5 for this design. The dimensions for each type of components are listed in Table b1 . For the failure strength, adopt yield strength for metals and tensile strength for all other materials.
Design Criteria:
The design criteria for the material selection include cost (the lower the better), strength (the higher the better), and weight (the lower the better). The load, span length, and width for each type of components and criteria with the corresponding weighting factor are listed in Table b1 . 
Project Assignment -1
In total, three tasks will be assigned for this term project. The first assignment should be a typewritten group memo on the materials section for the beam according to the design consideration. The memo should contain 3 viable materials including material thickness that was selected. All the material properties should be obtained from online material property database. Check the design constraint for the selections and then use decision matrix to determine the final selection. Finally, make conclusions.
Teamwork
Each student will take a leading role in turn in the whole semester and the leader will be the one in charge of the paperwork for that period. Please state contributions of group members. Estimate the amount of work (percentage of the total work) performed by each group member. Also please log meeting information. Objective A brief explanation of the task your group was assigned.
Equipment
A complete, specific list of the equipment was needed to perform the experiment.
Procedure
Detailed procedures that were accomplished.
Results
Draw a table to list the properties that you measured for at least three samples and find the average of the values.
Introduction
This section is an opportunity to present the background and motivation behind the project, and the objective of the project. A brief summary of the project constraint, criteria, procedures and the results you obtained should also be presented here.
Mechanics Analysis
This section is to present the theory to calculate the maximum stress and the failure load of the component.
Material Selection
This section should include the three candidate materials that satisfy the constraint and the final selection. State the candidate material properties, and the final selection based on the constraint and criteria. Discuss the result of the decision matrix. Reflect the difference between the online data you used for the first time and the test results for the revised one.
Experiment result and discussion
State the result of the bending test and compare the test result with calculated failure load. Then reflect on the results.
Conclusion
This section contains the overall conclusions drawn from the analysis. The conclusions should be clear, concise, and should wrap up the project so the reader can easily determine the overall summary of the project. Any recommendations for future/followon work should go here.
The following is for information only, and should be removed from your paper! If you want to insert tables and figures within your document, you must explain the figure and table before you insert them. The examples of a table with a table title and a figure with a figure caption are shown in Figure b3 and Table a3(where Table a3 =Table a in appendix 3). Figure b3 Magnetization as a function of applied fields. A sample equation (1) is shown below:
(1) where F is load, L is the span length, …
